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0 Self contained immunoassay element 



® An element for analysis of a liquid sample in- 
cluding a capillary containing a fixed reagent in fluid 
communication with reagent reservoirs and a waste 
liquid reservoir. A sample introducing means is pro- 
vided wliich permits analyte in a sample to interact 
with the fixed reagent. A labelled reagent is provided 
wtiich Interacts with either the fixed reagent or the 
analyte in a manner which permits detection of the 
concentration of analyte in the sample. The capillary, 
reagent reservoirs, waste liquid reservoir and the 
sample introducing means are arranged within a 
common housing so that reagent waste liquid need 
not be removed from the element. 
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SELF CONTAINED IMMUNOASSAY ELEMENT 



BACKGROUND OF THE INVENTION 

The present invention relates to a capillary 
device for conducting immunoassay tests. More 
particularly, the present invention relates to a capil- 
lary device for conducting an immunoassay test 
which device contains the reagents necessary for 
carrying out the test and confines the reagents and 
sample tested within the device during the course 
of the test. 

Immunoassay tests are used for the detection 
in body fluids of a wide variety of compositions 
including antigens, antibodies, infectious agents 
and hormones. The purpose of the immunoassay 
test is to measure the degree of Interaction be- 
tween an antigen and its corresponding antibody. 

it has been proposed to utilize various wet 
chemistry processes wherein the immunoassay in- 
teractions are conducted in tubes or plates contain- 
ing multiple compartments wherein an antibody or 
an antigen is coated in the surface of the tube or 
compartment. The use of these devices requires a 
numiser of steps of applying and then removing 
reagents from the compartments or tubes and re- 
quires that the volume of these reagents be ac- 
curately measured. In addition, relatively large 
samples are required to conduct the immunoassay 
test in these devices. An additional serious problem 
associated with these wet chemistry techniques is 
the disposal of biological liquids which may contain 
infectious agents. 

European Patent Application 0,142,914 dis- 
closes a self-contained microassay card which 
houses a wash liquid, a plurality of separated 
reagents and a microassay rod upon which the 
assay is effected. The use of the card requires the 
use of a syringe In order to introduce a precise 
volume of the sample Into the chamber housing the 
microassay rod. This requires a separate step of 
measuring the precise volume desired. In addition, 
since the syringe is required to deliver the sample 
under pressure, the chamber housing the microas- 
say rod must be closed to avoid loss of sample 
which in turn requires a precision fit plug. Since no 
provision Is made In the device for a filter means, 
whole blood cannot be processed thereby requiring 
an additional step for separating the cellular com- 
ponents from the plasma components prior to ini- 
tiating the microassay. Lastly, the device requires 
the precise positioning of pressure means at var- 
ious locations on the outside surface of the device 
in order to effect proper sequencing of reagents to 
contact sample components during the test. The 
requirement of precise positioning at the proper 



time during the test introduces a major source of 
error for the test. 

European Patent Application 0 073.513 dis- 
closes a device for conducting assays which in- 

5 eludes a rotor upon which are positioned a plurality 
of elements which house reagents in separate 
compartments. The compartments are located with- 
in an element at different radial positions on the 
rotor and at least one compartment is in fluid 

10 communication with a sample application chamber 
located at the radially innermost position of the 
compartment. A mixing chamber which allows for 
the Introduction of a liquid reagent is located within 
a compartment at a radially intermediate position 

IS and a measurement chamber is located at the 
radially outermost position of the compartment Liq- 
uid sample and/or liquid reagent are moved from 
compartment to compartment and eventually to the 
measurement chamber by means of conduits con- 

20 necting the compartments and centrifugal force 
caused by rotating the rotor. This mode of opera- 
tion requires that the conduits be of precise size 
and that tiie rates of rotation be precisely con- 
trolled otherwise liquid flow into the wrong com- 

26 partments occurs. These requirements introduce a 
serious source of error in the assay. 

P.C.T. publication number WO82/02601 dis- 
closes a solid phase assay system which utilizes a 
porous solid matrix such as treated paper or a mat 

30 of fibers. A binding material is reacted with its 
antibody within the solid matrix to immobilize the 
reaction product within the matrix. The amount of 
binding material and its antibody that are reacted 
must be very accurately controlled using accurate 

35 volumetric micropipettes. Solutions of analyte and 
labelled indicator then are applied to the matrix to 
effect the assay either as a competitive assay or as 
a sandwich assay. Unbound labelled indicator Is 
removed from the matrix by a chromatographic 

40 procedure utilizing a solvent. The concentration of 
labelled indicator in the reaction zone then is mea- 
sured. This assay Is undesirable since it requires 
measuring precise volumes, manual washing steps 
and the pipetting of reagents. It is also unsuitable 

45 for assaying whole blood. 

European Patent Application 0 186 100 dis- 
closes a solid phase assay which utilizes a tiber 
matrix coated with a polymer capable of retaining a 
reagent which binds with an analyte of interest. A 

50 second reagent is bound to the bound analyte and 
a third reagent is introduced which, in the presence 
of the second reagent, produces a detectable re- 
sponse. The disadvantage of this assay Is that rt 
requires precise volumes of reagent and sample 
which requires time-consuming volume measure- 
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ment steps. 

U.S. Patent 4,426,451 discloses a device for 
conducting an assay which utilizes two continuous 
capillary zones in fluid communication with each 
other. A narrow passageway is provided between 
the two zones in order to temporarily stop liquid 
flow between the zones. Liquid transfer between 
the zones is initiated by a pulse or pressure and 
completed by capillary action to the zone having 
the smaller capillary. The device is useful for con- 
ducting competitive assays or for separating whole 
blood into a cellular component and a plasma 
component. Since no means are provided for at 
least one washing step and since separation of 
bound species from unbound species relies solely 
upon capillary action, incomplete separation of 
bound from unbound species occurs. This leads to 
error in the assay. In addition, the device does not 
permit conducting a sandwich assay. 

It has been proposed in French Patent Applica- 
tion Number 7712933. published November 24, 
1978 to conduct immunoassays in a capillary tube. 
However, no means are provided for filling the 
capillary and for eliminating the need for removing 
reagents and reaction products from the capillary. 
Thus, the problem of disposing infectious materials 
is still present. 

P.C.T. publication number WO86/06488 dis- 
closes a test* apparatus for perfontiing chemical, 
clinical diagnostic and like tests. The apparatus 
includes a housing, a sample receiving area and a 
plurality of rupturable containers in recesses within 
the housing. The containers include the predeter- 
mined amount of one of the specific reagents 
which are required for the test. A duct or channel 
connects each area with the sample receiving area 
where the sample is located. A member is provided 
in association with each container to enable the 
container to be njptured when addition of the spe- 
cific reagent is required in the test. This assay 
apparatus does not include a self-metering sample 
application element. Instead it requires an operator 
to pipette a precisely measured volume of the 
sample onto the sample receiving membrane. The 
membrane thickness is not precisely defined and 
therefore the apparatus is not capable of providing 
✓ery accurate quantitative results. Further, the fluid 
stream in the apparatus is not very well defined 
with the result that very high volumes of wash 
liquid, e.g., about 1-2 ml. must be used because 
the liquid must cover the entire test element. 

It would be highly desirable to provide a means 
for conducting immunoassay tests under conditions 
which require only small samples, which provide 
accurate test results, which eliminates the need for 



measuring precise volumes of reagents, which per- 
mits the testing of whole blood and which elimi- 
nates the problems associated with disposing of 
infectious liquids. 

5 

SUMMARY OF THE INVENTION 

The present invention provides a self-contained 
10 immunoassay element which comprises a housing 
which includes one or more reservoirs containing a 
reagent or a wash solution used in the assay, 
means for introducing a sample into the element 
and a capillary tube in fluid communication with the 
75 means for introducing the sample as well as with 
the reagent and wash solution reservoirs. At least a 
portion of a surface of the capillary tube, which is 
the reaction zone of the element is coated with an 
antigen or an antibody which is interactive with the 
20 analyte contained within the liquid sample for which 
the analysis is being conducted. A reservoir which 
is in fluid communication with the capillary is pro- 
vided for spent reagent and spent wash solution. 
The element is constmcted so that, except for 
26 introducing the sample from an outside source into 
the element, all interactions among reagents used 
In the assay and all wash steps are conducted 
within the element and waste liquids resulting from 
the assay are retained within the element. Each 
30 reagent and/or wash solution is contained within a 
separate reservoir and is provided with means for 
passing the reagent or wash solution under pres- 
sure into the capillary. 

In operation, a liquid sample containing an an- 
36 alyte is introduced into the element and at least a 
portion of the sample enters the capillary under the 
force of capillary action and is retained therein for a 
sufficient time period to allow the analyte to interact 
with the bound first reagent (antigen or antibody) in 
40 the capillary to form a first nondiffusible species, A 
labelled reagent positioned either in a reservoir or 
in the means for introducing the sample within the 
element is introduced into the capillary either si- 
multaneously with the analyte or subsequently to 
46 introducing the analyte into the capillary. Since the 
capillary is filled with liquid by means of capillary 
action, the volume of liquid containing the analyte 
or a reagent in the capillary taking part in the assay 
is always accurately controlled. After the desired 
60 interactions between the first reagent, the labelled 
reagent and the analyte have been completed ex- 
cess labelled reagent is removed by washing. The 
wash solution is contained in a reservoir within the 
element and is passed under pressure from the 
55 reservoir into the capillary. The wash solution thus 
carries the noninteracted reagent(s) into a waste 
reservoir located within the element. The label por- 
tion of the lal^eiled reagent is detected to provide 
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the concentration of the analyte present in the 
sample. Depending upon the type of label which is 
utilized, it may be detected directly or it may be 
detected indirectly such as by interaction with yet 
another reagent which is brought into the capillary 
from a reservoir located in the element Any liquid 
in the capillary which is replaced by the latter 
reagent will be passed Into the waste reservoir. 

This invention provides a number of significant 
advantages over the prior art immunoassay ele- 
ments. Since the interaction of the reagent(s) and 
the analyte is conducted In a very thin, flat capillary 
tube the fluid stream is very well defined. There- 
fore, only small volumes of sample and reagents 
are utilized. Since those volumes are fixed by the 
volume of the capillary, no volume measurements 
are required. Whole blood can be utilized as a 
sample by incorporating appropriate filtration 
means which separates whole blood into a cellular 
component and a plasma component in the means 
for introducing the sample into the element. The 
sample need not be diluted thereby eliminating 
prior art dilution steps which require volume mea- 
surements. Since the capillary volume is small, 
liquid can be introduced therein without additional 
means other than capillary action and can be re- 
moved therefrom easily by virtue of the small vol- 
ume by washing. In addition, since the reagents 
and waste liquid are retained within the self-con- 
tained element the dangers associated with dis- 
posing of a potentially infectious liquid are elimi- 
nated. The entire element can be disposed of safe- 
ly such as by buming without contact with the 
liquids within the element. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a top view of an element of this 
invention. 

Rgure 2 is a cross-sectional side view taken 
along line 2-2 of Figure 1 . 

Figure 3 is a cross-sectional view taken 
along line 3-3 of Rgure 1 . 

Rgure 4 is a view of an alternative element 
of this invention. 

Figures 5 and 6 are cross-sectlonai views of 
the element of this invention illustrating its mode of 
operation. 

Rgure 7 is a top view of an alternative 
element of this invention; and 

Rgure 8 is a cross-sectional side view taken 
along line 8-8 of Rgure 7. 



DESCRIPTION OF SPECIFIC EMBODIMENTS 

Referring to Figures 1-3. the analytical element 
of this invention 10 is formed so that a top section 
5 and a bottom section are joined together to form a 
housing which includes a capillary tube, a sample 
introducing means, at least one reservoir for a 
reagent and/or wash solution, and a waste reservoir 
wherein the capillary, each reservoir and the sam- 
70 pie introducing means are in fluid communication 
with each other. The element 10 typically has a 
width of from about 10 to about 20 mm, preferably 
about 15 mm, an overall length of from about 30 
mm to about 50 mm, preferably about 40 mm, and 
75 a height of from about 3 to about 8 mm, preferably 
about 5 mm. The bottom section can comprise a 
plate 12 which is adhered to the top section com- 
prising a plurality of walls and reservoirs as shown 
generally in Figures 1 and 2. A capillary tube 14 is 
20 provided in a central portion of the element 10 and 
the capillary tube 14 includes at least one surface, 
here shown as the bottom surface 16 of the tube, 
which has bonded to at least a portion thereof a 
first reagent which is capable of interacting, either 
25 directly or indirectly, with the analyte of interest 
present in the sample. Thus, the surface of the 
capillary tube which has the first reagent bonded 
thereto defines the reaction zone of the element. 
The capillary tube 14 Is typically from about 0.02 
30 mm to about 0.5 mm, and preferably from about 
0.05 mm to about 0.2 mm, in height; from about 1 
to about 10 mm, and preferably from about 3 to 
about 5 mm, in width; and from about 5 to about 25 
mm, and preferably from about 8 to about 12 mm. 
35 in length. The surfaces of the capillary tube 14 may 
be smooth or roughened, e.g., grooved. In the latter 
instances a larger amount of the first reagent may 
be bonded to a given unit area of the surface. 

An opening 18 is provided In the housing to 
40 permit the sample to be introduced into the ele- 
ment 10. The sample volumes typically required for 
use with the Immunoassay element range from 
about 20 to about 100 ul, preferably from about 30 
to about 60 ill As shown in Figures 1-3, the 
45 sample introduction means includes an optional 
filter 20 and a membrane layer 22. The filter may 
be provided in embodiments where it is desired to 
use whole blood samples for example, to remove 
components therefrom. The filter element 20 may 
50 be any suitable materiaL synthetic or naturally oc- 
curring, or a mixture of each type, which is capable 
of removing from the fluid sample any 
components(s) which could interfere with the analy- 
sis and which is inert to the analyte(s) of interest. 
55 that is. will not prevent any significant amount of 
said analyte(s) from passing through the filter 
whether because of adsorption, reaction or other- 
wise. The type of filter material utilized in any 

4 
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instance is dependent upon the type of biological 
fluid to be analyzed. For. example, a microporous 
filter element may be used to remove bacteria cells 
or microorganisms from the sample fluid. In a pre- 

* ferred embodiment where the sample is whole 
blood, the filter element comprises a fibrous ma- 

* teriai which is capable of separating cells, e.g., 
erythrocytes, leucocytes, etc., from plasma or se- 
rum. Typical suitable fibrous materials include 
glass, quartz, cellulose acetate, cellulose, synthetic 
polymeric fibers such as polyamides or polyesters, 
and the like. The fibrous material may be treated 
with a material such as gelatin, either inert or 
deionized, or serum albumin to substantially reduce 
or eliminate any binding thereto by an analyte of 
interest. Further, the filter element 20 may be im- 
pregnated with a material which is capable of re- 
moving specific components from the fluid sample, 
for example, lipoproteins. Titanium dioxide is suit- 
able for this punpose. The membrane 22 may con- 
tain a labelled reagent which is Interactive with 
either the analyte of interest or the first reagent 
which is fixed to the surface of the capillary. 

A first reservoir 24 Is provided which contains a 
wash solution. The wash liquid may be simply 
sealed in the reservoir or it may be provided in a 
pod 26 as illustrated. A second reservoir 28 may 
also be provided, when necessary, for a reagent 
which is capable of Interacting with the label moi- 
ety of the labelled reagent in order to render the 
label detectable as where the label is an enzyme 
and the reagent is a substrate for the enzyme. As 
illustrated the reagent is provided in a pod 30. In 
one embodiment, the reagent which is adapted to 
render the label detectable can be provided in a 
separate reservoir 32 in a paper matrix, membrane 
matrix or the like. Pod 26, as shown, is enclosed 
within reservoir 24 by means of a thin layer 34 of a 
flexible material such as aluminum foil or the like 
which seals the reservoir 24 from the atmosphere. 
By exerting pressure on the thin layer 34 such as 
with a plunger (not shown) and consequently ap- 
plying pressure on pod 26. the pod can be burst 
and the liquid therein caused to enter the capillary 
tube 14 by passing through opening 38, passage- 
way 40 and opening 42. In like manner, the liquid 
in pod 30, when present, can be caused to enter 
the capillary tube 14. A transparent zone, or win- 
dow, 44 is provided in the housing above at least 
the reaction zone of the capillary tube in order to 
permit readout of the reaction zone by a conven- 
tional detection device such as a densitometer, 
fluorimeter or the like. 

A waste reservoir 46 is provided to receive 
waste sample, wash reagent or waste wash solution 
from the capillary tube. The waste reservoir 46 
may inciude a liquid absorbent 48 and open areas 
50 and 52 in order to provide sufficient volume 



capacity to retain all the waste sample, reagent, 
etc.. utilized in the assay. Also, there may be 
provided an air hole in the top surface 55 of waste 
reservoir 46 to allow the waste liquids to fill the 
5 reservoir. In the embodiment illustrated in Rgures 
1-3 the waste liquids pass from the capillary tube 
14 through membrane 22 and into waste reservoir 
46. 

The immunoassay elements of the invention 

10 may be fabricated by initially making two separate 
parts, i.e.. an upper part and a lower part. The 
bottom part would include the bottom surface of 
the capillary tube and the walls and bottom surface 
of the reservoirs. After binding the first reagent to 

15 the capillary tube surface and depositing the wash 
solution and, where necessary the additional 
reagent in the appropriate reservoirs, the upper 
and lower parts are brought together and sealed 
such as by ultrasonic welding, heat and pressure, 

20 etc. The housing of the element may be made 
from any suitable material including, for example, 
synthetic polymeric materials which are easily mol- 
dable. A preferred material is polystyrene which 
has been treated with gamma radiation to enhance 

25 its ability to bind antigens or antibodies. The hous- 
ing may be transparent or opaque, provided that 
where it is opaque there is a transparent window to 
allow detection of the labelled species which is 
obtained as a result of the interaction between the 

30 analyte and reagents. 

Rgure 4. wherein the referenced elements hav- 
ing the same numerical reference as those shown 
in Rgures 1 through 3 are the same elements, 
illustrates another embodiment of the invention. In 

36 this embodiment the capillary tube 14 is modified 
to include a second capillary outlet 56. which per- 
mits air passage therethrough, and there is also 
provided a hole 58 in the upper surface of the 
waste reservoir in the vicinity of outlet 56 to assure 

40 that the capillary tube 14 becomes filled with liquid. 
The element may also include an air hole 62 in the 
upper surface of the waste reservoir as shown in 
Rgures 1 -3. The air holes 58 and 62 may be made 
suitably small, or they may be covered with a 

45 hydrophobic material such as a hydrophobic po- 
rous membrane, to allow passage of air while pre- 
venting passage of liquid. 

Figures 5 and 6 illustrate an embodiment of the 
immunoassay element wherein there is provided 

60 one reagent reservoir containing a volume of 
reagent sufficient to function both as a wash liquid 
and as a reagent for interacting with the reagent 
bound to the capillary and/or the analyte to render 
the label detectable. In operation a drop of whole 
56 blood 64 IS introduced through opening 18 onto 
filter 20 which separates the blood cells from the 
blood plasma. The plasma passes into membrane 
22 which includes a labelled reagent which inter- 
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acts with at least part the sample analyte to form a 
conjugate. The plasma, together with the conjugate 
migrates Into capillary tube 14 by means of capil- 
lary action. After the capillary has been filled and 
the plasma is allowed to incubate within the capil- 
lary for the required period of time during which 
the interactions between the sample analyte, label- 
led reagent and the reagent bound to the surface 
of the capillary tube go to completion, plunger 66 
is pushed downwardly so as to contact foil layer 34 
and exert sufficient pressure on pod 26 to cause 
the pod to be ruptured. The reagent is carried into 
the capillary tube 14 and at the same time it 
displaces the plasma containing any unbound an- 
alyte, labelled reagent or conjugate suspended or 
dissolved therein. The displaced plasma passes 
into waste reservoir 46 containing absorbent ma- 
terial 48. During the preceding incubation period, 
substantially ail of the analyte will have interacted 
with the labelled reagent and the reagent bound to 
the surface of the capillary tube. By virture of these 
interactions the bound species which is formed will 
remain in the capillary and is not displaced by the 
incoming reagent. After a suitable Incubation period 
to allow the reagent to render the label detectable, 
it is detected through transparent window 44 by 
means of an appropriate conventionai detection 
apparatus. 

Rgures 7 and 8 illustrate an immunoassay 
element according to the invention where the wash 
liquid and/or reagent reservoirs are filled with the 
liquid(s) and pods are not utilized. As pointed out 
previously such reservoirs can be formed in two 
parts which are then brought together, capillary 
tube 14 by means of capillary action. The element 
includes a filling capillary 70 which allows the fluid 
which passes through membrane 22 to enter capil- 
lary tube 14 by capillary action. In this embodi- 
ment, fluid which Is initially present in capillary 
tube 14 and then expelled therefrom by wash solu- 
tion and/or a reagent passes into waste reservoir 
without having to pass through membrane 22. The 
other elements of the device and the operation 
thereof are as described previously. 

The immunoassay element of the invention 
may be used to carry out any of the known im- 
munometrlc, sandwich or competitive assays for an 
analyte, e.g., an antigen or an antibody. These 
assays are well known to those skilled in the art 
and extensive discussion thereof is not required 
here. Briefly, in one type of sandwich assay 
wherein the assay element includes two reservoirs 
for reagent and/or wash fluid, a sample is applied 
to the sample Inlet, migrates through a layer con- 
taining a labelled reagent thereby imbibing labelled 
reagent and passes into the capillary by virtue of 
capillary action. During a suitable incubation period 
the analyte in the sample interacts with the labelled 



reagent and with the reagent bound to a surface of 
the capillary. Subsequently, wash liquid is intro- 
duced from a reservoir within the element and 
passes into the capillary to displace the fluid 

5 present therein together with any uninteracted 
labelled reagent. The displaced fluid is forced into 
the waste reservoir. Another reagent, which is 
adapted to render the label moiety of the labelled 
reagent detectable, is introduced into the capillary 

10 and displaces the wash liquid which is forced into 
the waste reservoir. After a suitable Incubation pe- 
riod the detectable signal formed in the capillary 
tube is measured. 

In a second embodiment wherein a sandwich 

75 assay is conducted, three reservoirs containing 
wash solution and/or reagent are employed in the 
element In the first step, a sample containing the 
analyte is introduced into the element and passes 
by capillary action into the capillary wherein the 

20' analyte interacts with the fixed first reagent in the 
capillary. In a second step^ a labelled reagent 
which interacts with the analyte from a reservoir of 
the element is introduced into the capillary, in a 
third stepi a wash solution from a reservoir of the 

25 element is introduced Into the capillary to replace 
the liquid therein and cause the uninteracted liquid 
to pass into the waste reservoir. In a fourth step, a 
liquid containing a substrate which interacts with 
the label of the labelled reagent to render the label 

30 detectable is passed from a third reservoir into the 
capillary to replace the wash liquid therein and to 
cause the substrate to interact with the label fixed 
to the first reagent. The label rendered detectable 
then (S observed through a transparent opening in 

35 the capillary. 

As an example of the competitive assay, the 
sample containing an analyte Is introduced into the 
element and mixed with a labelled analyte located 
within a porous layer within the sample introduction 

40 means. The sample, analyte and the labelled an- 
alyte then are introduced into the capillary by 
means of capillary action wherein they are inter- 
acted with a fixed first reagent which interacts with 
the analyte or labelled analyte. Thereafter, the non- 
45 Interacted species is removed from the capillary by 
means of sufficient reagent which Interacts with the 
label to form a detectable moiety. In this embodi- 
ment, only one reagent reservoir is required. In an 
alternative embodiment, the capillary Is first 

50 washed with a wash liquid from one reservoir and 
then with a reagent which interacts with the label to 
form a detectable moiety in a second step. In this 
latter embodiment, two reservoirs are required. 
Any chemical interaction which effects a 

55 change in the radiation emission in either the label 
of the labelled reagent or a reagent which interacts 
with the label to cause a change In radiation emis- 
sion to provide a detectable signal can be exploited 
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in accordance with the element of the invention. 
For example, any change In fluorescence, 
chemiiuminescence, color or other change in visi- 
ble or near visible radiation can be exploited. Thus, 
the label utilized in the labelled reagent may be 
directly or indirectly detectable. The label may be 
a fluorophore, chromophore, chemiluminophore. a 
phosphor or an enzyme. Where the label is an 
enzyme it can be one which interacts with a sub- 
strate to cause a change in absorption where the 
substrate is chromogen, in fluorescence if the sub- 
strate is a fluorophore, in chemiiuminescence if the 
substrate is a chemiluminescent precursor or in 
phosphorescence where the substrate is a phos- 
phor. 

Although the invention has been described with 
respect to various embodiments thereof, it Is not 
intended to be limited thereto but rather those 
skilled in the art will recognize that variations and 
modifications may be made therein which are with- 
in the spirit of the Invention and the scope of the 
appended claims. 



Claims 

1. A self-contained element for analysis of a 
liquid sample containing a component to be deter- 
mined which comprises: 

a housing containing a capillary tube having 
opposed top and bottom surfaces, at least a portion 
of said top and/or bottom surfaces having bonded 
thereto a first reagent consisting of either said 
component to be determined or the binding partner 
of said component to be determined, said bound 
first reagent defining a reaction zone and inter- 
active with said component to be determined to 
form a first nondiffuslble species, and said top 
and/or bottom surfaces Including a transparent area 
to permit measurement of radiation from at least a 
portion of said reaction zone; 

a labelled second reagent, said second 
reagent consisting of said component to be deter- 
mined or the binding partner of said component to 
be determined and being interactive with said first 
nondiffuslble species or said first reagent to form a 
second labelled species; 

means for inti'oducing at least a portion of said 
sample and said labelled second reagent into said 
capillary tube by capillary forces; 

at least one reactant reservoir containing a 
wash solution or a third reagent which is interactive 
with said second labelled species, each said reac- 
tant reservoir being In fluid communication with 
said capillary tube; 

a waste reservoir in fluid communication with 
said capillary tube adapted to receive waste fluid 
from said capillary tube; 



and said means for introducing said sample 
and said labelled second reagent, each said reac- 
tant reservoir and said waste reservoir being 
housed within said housing, 
5 2. The element of claim 1 wherein said means 

for introducing said sample into said capillary com- 
prises an inlet and a porous membrane in fluid 
communication with said capillary. 

3. The element of claim 2 including a filter 
10 element contiguous with said membrane. 

4, The element of claim 1 wherein said means 
for introducing said sample includes said labelled 
reagent adapted to be introduced into said capillary 
with said sample. 

15 5. The element of any one of claims 2 or 3 
wherein said porous membrane contains said label- 
led reagent adapted to be introduced into said 
capillary witii said sample. 

8- The element of any one of claims 1 , 2. 3 or 

20 4 having one, two or three reactant reservoirs. 

7. The element of any one of claims 2 or 3 
wherein said porous membrane contains a labelled 
antibody. 

8. The element of any one of claims 2 or 3 
26 wherein the label of said labelled reagent Is an 

enzyme. 

9. The process for analyzing for an analyte in a 
liquid sample within the confines of self-contained 
element housing which comprises: 

30 introducing a liquid sample into a porous layer 

within said element said porous layer containing a 
labelled reagent which is interactive with said an- 
alyte; 

passing said analyte and said labelled reagent 
35 by capillary force into a capillary having opposed 
top and bottom surfaces and a first reagent bonded 
to at least one of said surfaces, said first reagent 
being interactive with said analyte and said labelled 
reagent to form a first nondiffuslble species com- 
40 prising said labelled reagent, said analyte and said 
first reagent; 

washing said capillary with a liquid composi- 
tion positioned in a reservoir within said element an 
in fluid communication with said capillary to pass 
45 the portion of the sample nonlnteracted witii said 
first reagent into a waste reservoir located within 
said element, and rendering said labelled reagent 
detectable. 

1 0. The process of claim 9 wherein said label- 
50 led reagent is rendered detectable after said an- 
alyte interacts with said first reagent and said label- 
led reagent. 

11. The process of claim 9 wherein said label- 
led reagent is rendered detectable by washing said 

55 capillary with a sufficient amount of a liquid com- 
position to remove nonlnteracted sample from said 
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capillary and to form a detectable species with 
substantially all of the labelled reagent interacted 
with said anaiyte in said capillary. 

12. The process of claim 9 wherein said label- 
led reagent is rendered detectable by washing said 
capillary with a wash solution to remove nonin- 
teracted sample from said capillary and replacing 
said wash solution in said capillary with a second 
liquid reagent. 

13. The process of any one of claims 9, 10, 11 
or 12 wherein said labelled reagent is labelled with 
an enzyme. 

14. The process for analyzing for an anaiyte in 
a liquid sample within the confined of a self-con- 
tained element housing which comprises: 

introducing by capillary forces a liquid sample 
Into a capillary having opposed top and bottom 
surfaces and a first reagent bonded to at least one 
of said surfaces, said first reagent being Interactive 
with said anaiyte to form a first nondlffusible spe- 
cies comprising said anaiyte and said first reagent; 

washing said capillary with a liquid wash 
composition positioned In a reservoir within said 
element, said reservoir being in fluid communica- 
tion with said capillary to pass the portion of the 
sample noninteracted with said first reagent into a 
waste reservoir located within said element. 

passing a labelled reagent interactive with said 
anaiyte from a reservoir within said element into 
said capillary and directing the liquid wash com- 
position from said capillary into said waste reser- 
voir; 

incubating said labelled reagent and said first 
nondlffusible species to effect interaction between 
said anaiyte and said first reagent to fomn a second 
nondlffusible species; 

and rendering said second nondlffusible 

species detectable. 

15. The process of claim 14 wherein said label- 
led reagent is rendered detectable by washing said 
capillary with a sufficient amount of a liquid com- 
position to remove noninteracted samples from 
said capillary and to form a detectable species with 
substantially all of the labelled reagent interacted 
with sard anaiyte in said capillary. 

1 6. The process for analyzing for an anaiyte in 
a liquid sample within the confines of a self-con- 
tained element housing which comprises: 

introducing a liquid sample containing an 
anaiyte into a porous layer within said element, 
said porous layer containing a labelled reagent; 

Introducing by capillary forces the labelled 
reagent and said anaiyte into a capillary having an 
inner surface and a first reagent bonded to said 
inner surface, said first reagent being interactive 
with said anaiyte to form a first nondlffusible spe- 
cies comprising said anaiyte and said first reagent 
and a second nondlffusible species comprising 



said first reagent and said labelled reagent; 

washing said capillary with a liquid composi- 
tion positioned in a reservoir within said element 
and in fluid communication with said capillary to 
5 pass the portion of the sample and labelled reagent 
noninteracted with said first reagent into a waste 
reservoir located with in said element 

and rendering said labelled reagent detectable. 

17. The process of claim 16 wherein said label- 
to led reagent is rendered detectable after said label- 
led reagent interacts with said first reagent. 

18. The process of claim 16 wherein said label- 
led reagent is rendered detectable by washing said 
capillary with a sufficient amount of liquid composi- 

15 tion to remove noninteracted sample from said 
capillary and to form a detectable species with 
substantially all of the labelled reagent interacted 
with said first reagent in said capillary. 

19. The process of claim 16 wherein said label- 
20 led reagent is rendered detectable by washing said 

capillary with a wash solution to remove nonin- 
teracted sample from said capillary and replacing 
said wash solution in said capillary with a second 
liquid reagent. 
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